The microbiological quality of and changes in the main physicochemical parameters, together with the evolution of proteolysis, lipolysis and volatile profiles of soft Xinotyri, a traditional Greek acid-curd cheese (pH≈4.4, moisture 65 %, salt 1 %) made from raw (RMC) or pasteurized (PMC) goat's milk without starters, were evaluated during aerobic storage at 4 o C for 60 days. No statistically significant differences between the total nitrogen (TN) and nitrogen fraction (% of TN) contents, the degradation of intact α s -or β-caseins, total free amino acid (FAA) contents, and the ratio of hydrophilic and hydrophobic peptides in the water-soluble fraction of RMC and PMC were found. Threonine, alanine and lysine were the principal FAAs. Oleic, palmitic, capric and caprylic acids, and ethyl hexonate, ethyl octanoate, ethyl decanoate, ethanol, 3-methyl butanol, phenyl ethyl alcohol and acetone were the most abundant free fatty acids and volatile compounds, respectively. Cheese lipolysis evolved slowly at 4 o C, and milk pasteurization had no significant effect on it. Mesophilic lactic acid bacteria (LAB) were predominant in fresh cheese samples. PMC samples had significantly lower levels of enterococci and enterobacteria than RMC samples, while yeasts grew at similar levels during storage at 4 o C. All cheese samples (25 g) were free of Salmonella and Listeria monocytogenes. Coagulase--positive staphylococci exceeded the 5-log safety threshold in fresh RMC samples, whereas they were suppressed (<100 CFU/g) in all PMC samples. Consequently, pasteurization of raw goat milk's and utilization of commercially defined or natural mesophilic LAB starters are recommended for standardizing the biochemical, microbial and safety qualities of fresh soft Xinotyri cheese.
Introduction
Traditional raw milk cheese is an authentic dairy product characterized by a rich and diverse microbiota and generally superior sensorial qualities compared to similar types or varieties of pasteurized milk cheese produced industrially with commercial starter cultures (1) . The desirable sensorial characteristics of raw milk cheese are attributed to its microecological complexity and biodiversity, which in turn desirably affect cheese biochemistry (2) (3) (4) . Cheese ripening involves the evolution of complex biochemical processes, including glycolysis, proteolysis and lipolysis (2, 5) . Flavour compounds are produced as catabolic products and play a critical role in the quality of the final cheese (6) . Cheese flavour is the result of a complex balance among volatile and non-volatile chemical compounds from milk fat, milk proteins, and carbohydrates during ripening (7) (8) (9) .
Traditional cheese, however, may also harbour undesirable or harmful bacteria, such as Staphylococcus aureus or Listeria monocytogenes, which are common raw milk contaminants or originate from other diverse environmental contamination sources (10) . Depending on the cheese type and the manufacturing and hygienic practices, pathogens may survive or grow in the cheese matrix at population levels likely to cause disease (11, 12) . Therefore, milk pasteurization prior to cheese processing is recommended or demanded by food regulators in many countries, including Greece, because it protects public health and results in the manufacture of a uniform and safe product of constant quality. Pasteurization, however, alters the biochemistry of cheese ripening by suppressing the indigenous microbiota of the milk, by partial or complete inactivation of certain indigenous enzymes which contribute to ripening, and/or by slight denaturation of whey proteins (13) (14) (15) (16) .
Soft, spreadable, acid-curd cheese types constitute a major group of traditional cheese varieties with specific technological, physical, chemical, microbiological and sensorial characteristics (17) . Several acid-curd cheese varieties also are traditionally manufactured in Greece from raw, thermized or pasteurized milk and consumed fresh or after varying ripening times, depending on local consumer habits and needs (18) . Usually the milk is curdled and acidified with the aid of its native microbiota at ambient temperatures for 1-2 days and then, depending on the cheese variety, the fresh curd is drained at various extents (60-75 % moisture), salted with 1-4 % dry sea salt, placed in leather sacks, wooden barrels, tins or cans, and transferred for ripening and cold storage in cellars, other dry cool places or, to date, refrigerated rooms for a few days to several weeks before selling to consumers. Sometimes the milk is boiled and salted before the curdling. Addition of rennin is a common empirical practice to improve the cheese curd firmness and ripening quality. Natural or commercial starter cultures may also be added to enhance acidification, particularly when the milk is pasteurized before cheese making (17, 18) . The most popular Greek acid-curd cheese varieties for which published data exist are the protected designation of origin (PDO) (18) cheese varieties Galotyri (19, 20) , Anevato (21) , Katiki (22) , Kopanisti (23) and Pichtogalo Chanion (24) . While these cheese varieties are still artisan-made in rural areas from raw milk, their manufacturing technology has been standardized and/or industrialized. Industrial products are made from pasteurized milk with commercially defined starter cultures and distributed by central food retailers and supermarkets (19, (24) (25) (26) . However, additional acid-curd cheese varieties are still produced to date by traditional practices in small dairies and homesteads in Greek mountainous areas or islands and they are marketed and consumed locally. These cheese varieties are considered to have clear positive impact on the national economy and agro-tourism, despite still being 'unknown' , unstudied and unreachable by central markets. Because traditional Greek cheese processing technologies were developed with the primary aim to preserve the milk of small ruminants, the resultant artisan products may be eaten fresh or ripened; thus, quite often different cheese varieties of similar origin, but technologically distinct, are meant under a given local name.
Xinotyri is an artisanal, fully ripened, hard raw goat's milk cheese of increasing popularity that has been recently studied (27, 28) , whereas soft Xinotyri is the acid-curd goat's milk cheese variety that is not shaped and consumed fresh or ripened and cold-stored as mentioned above. Both cheese types are still produced traditionally on the island of Naxos in the Cyclades complex, Aegean Sea (27) . Although the popularity of soft Xinotyri is also increasing, no published data exist on this cheese. There is only one previous relevant study on the biochemical characterization of indigenous Lactobacillus plantarum strains from a traditional Greek raw milk cheese named Xynotyri, but its production area was not reported (29) . At Naxos, soft Xinotyri cheese is typically made from raw milk. Usage of pasteurized milk is however increasing in response to current safety concerns and regulatory or consumer demands. Therefore, the purpose of this study is to follow the evolution of the ripening and cold storage processes and evaluate the influence of using raw milk in comparison with using pasteurized milk on the main microbiological, physicochemical and biochemical characteristics of soft Xinotyri cheese during refrigerated (4 °C) storage, with the aim of contributing to their quality and safety.
Materials and Methods

Cheese production and sampling
Three independent soft Xinotyri cheese production trials were carried out at a small creamery located at a mountain village of Naxos, where the hard Xinotyri cheese previously analyzed by Bontinis et al. (27, 28) was produced. According to the local cheese maker, raw goat's milk derived from a local native goat population was used to produce the soft raw milk cheese (RMC) samples, whereas the same milk after an open-batch pasteurization at 63 °C for 30 min was used to produce the pasteurized milk cheese (PMC) counterparts. No defined starter cultures were added to PCM. However, to enhance curdling of both milk types, commercial calf rennet (1:10000 strength, 3-4 mL/100 L of milk) was used in all trials. The milk with rennet was left to curdle for 20 h at room temperature (18-20 ºC). The curd was cut in cubes (1-2 cm), knitted and drained through a cheesecloth placed in pierced plastic containers for 10 h in a cool room (16 ºC).
After 30 h at ambient temperature, the above RMC and PMC curds represented the fresh (day 1) unsalted Xinotyri cheese from which separate samples were kept for analyses. On the next day, edible sea salt (approx. 1.5 g per 100 kg of fresh cheese) was distributed uniformly in the curd, which was then packed in tins (containing approx. 1.5 kg cheese mass). The tins were shipped from Naxos to our laboratory at Ioannina in insulated iceboxes and placed in a refrigerator at 4 °C for ripening and cold storage. Samples were taken from each RMC or PMC batch on day 1 (the fresh unsalted cheese curd) and after aerobic storage of the cheese samples in the tins at 4 °C for one (day 8), two (day 15), four (day 30) and eight (day 60) weeks.
Microbiological analyses
The microbiological quality of the soft Xinotyri samples was determined by analyzing the microbial groups listed in Table 1 . The microbiological methods were selected according to the PDO acid-curd Galotyri cheese studied previously (19) . Briefly, on each sampling day, 25 g of cheese were homogenized with 225 mL of 0.1 % g per 100 mL of buffered peptone water (Merck, Darmstadt, Germany) in stomacher bags (Lab Blender, Seward, London, UK) for 60 s at room temperature. The homogenates were serially diluted in the same diluent and then spread (0.1-mL samples) or poured (1-mL samples) in duplicate on the different agar medium plates, as appropriate. In addition to the microbial quantification analyses shown in Table 1 , the presence of Salmonella sp. and Listeria sp./L. monocytogenes in 25-gram cheese samples was determined by culture enrichment, as reported previously (19, 27) .
Physicochemical analyses
Moisture, fat, fat-in-dry matter (FDM), protein, NaCl and ash content of cheese samples were analyzed as described by Bontinis et al. (28) . The pH was measured by the micro-pH 2001 meter (Crison, Barcelona, Spain) and water activity (α w ) by Novasina unit Thermoconstanter, Hamidat-TH-2/RTD-33/BS (Novasina AG, Zurich, Switzerland). Total nitrogen (TN) fractions, namely water soluble nitrogen (WSN), nitrogen soluble in 5 % phosphotungstic acid (PTA-SN) and nitrogen soluble in 12 % trichloroacetic acid (TCA-SN), were determined as described by Mallatou et al. (30) . All analyses were carried out in duplicate.
Electrophoretic analysis
Pure reference caseins (CN) from caprine milk as well as cheese samples were analyzed in duplicate by urea--PAGE as described by Mallatou et al. (30) . Electrophoresis was performed using a vertical slab unit (gel electrophoresis apparatus GE-2/4; Pharmacia, Upsalla, Sweden) with 180 mm×140 mm×1.5 mm slabs, equipped with a Hetofrig cooling bath type CB 60 and an electrophoresis power supply (EPS 500/400;, Pharmacia Upsalla). From the densitograms the levels of residual α s -and β-casein in the aged cheese were calculated in comparison with the level present in the reference sample of the fresh (day 1) cheese. The zones of pure whole casein samples of the corresponding milk were used in electrophoresis for the identification of different bands. All analyses were carried out in duplicate.
Reversed-phase high performance liquid chromatography analysis
Peptide profiles of the water-soluble fraction of the cheese samples were determined by RP-HPLC using a Waters HPLC system (Waters Corporation, Milford, MA, USA), as described by Mallatou et al. (30) . After each run, the integration area of peptides was determined and divided into two regions with the criterion being the elution time of peaks. The first group consisted of the hydrophilic peptides (HL) with retention times from 0 to 67.5 min (0-55 % eluent B). The second group consisted of hydrophobic peptides (HB) with retention times from 67.6 to 110 min (55.1-100 % eluent B). Eluent A was 0.1 % (by volume) trifluoroacetic acid (TFA) in deionized water, and eluent B was 0.085 % (by volume) TFA in 60:40 (by volume) acetonitrile/ All microbiological media and supplements were purchased from Lab M (Bury, Lancashire, UK) except CASO agar, which was purchased from Merck (Darmstadt, Germany). For enterobacteria, the detection limit was 10 CFU/g. For all other subdominant non-LAB microbial groups, the detection limit was 100 CFU/g deionized water. The ratio of hydrophobic to hydrophilic peaks (HB/HL) of water-soluble fraction was calculated as the ratio of the area of peaks eluted within 67.6-110 min to that of peaks eluted within 0-67.6 min. All analyses were carried out in duplicate.
Analysis of free amino acids
The free amino acids (FAAs) were identified as phenylthiocarbamyl (PTC) derivatives by RP-HPLC using the Pico-Tag amino acid analysis system (Waters Corporation). Samples were analyzed on a Waters HPLC consisting of a controller (model 600), a solvent pump (model 600E), a helium degasser and a tunable absorbance detector (model 486). A volume of 20 μL of the amino acids was injected into the column. Separations were conducted at 45 °C and the absorbance was monitored at 254 nm. Run time was 67 min with a flow rate of 1 mL/min. Free amino acids were extracted from cheese as described by Pappa and Sotirakoglou (31) . The results were expressed on a dry matter basis. HPLC analyses were done in duplicate. Amino acids were identified according to their retention times by comparison with a standard mixture solution chromatogram. During extraction and derivatization, a number of unidentified peaks were present together with the intact FAA. However, generally, these peaks did not interfere with the identified peaks. When necessary, standard solutions of pure amino acids were co-injected with the standard mixture solution to identify peaks in the standard solution. All analyses were carried out in duplicate.
Analysis of free fatty acids
Free fatty acids (FFAs) of cheese samples were extracted following the method described by De Jong and Badings (32) . A Shimadzu model GC-17A gas chromatograph (Shimadzu Scientific Instruments Inc, Columbia, MD, USA), equipped with an on-column injector and a flame ionization detector (FID) was used. The column used was SGE, BP21-FFAP (15 m×0.53 mm×0.5 μm i.d). The chromatographic conditions were as described previously (33) . The quantification of the FFA in cheese samples was performed using the internal standardization technique, i.e. with C9:0 as an internal standard and processing the chromatograms with the CLASS-VP TM software (34). All analyses were carried out in duplicate.
Analysis of volatile compounds by CG/MS
Volatile compounds were analysed by gas chromatography-mass spectrometry (GC-MS), using solid phase microextraction (SPME); a 15-gram sample was homogenized in an analytical blender with an internal standard aqueous solution containing 0.5 mg/mL of cyclohexanone (Sigma-Aldrich, Alcobendas, Spain) as described before (28) . Headspace volatile compounds were analyzed using a GC-2010 Shimadzu series gas chromatograph coupled to a GCMS-QP2010 mass spectrometer detector (Shimadzu, Kyoto, Japan). Data were recorded and analyzed with the GC-MS solution (35) . Peak identification was performed by comparing the mass spectra with the NIST library (36) and comparison of their retention times with authentic standards when available. Peak areas (arbitrary units) were calculated from the total ion current. The relative abundance of a particular compound was calculated as the sum of the peak areas of its characteristic ions divided by the sum of the peak areas of the characteristic ions of cyclohexanone employed as internal standard. Samples were analyzed in triplicate.
Statistical analysis
Three replicate trials for each cheese type (RMC or PMC) were processed on independent milk collection and production days in the creamery. The microbiological data were converted to log CFU/g and along with the physicochemical and biochemical parameters were analyzed statistically by a multifactor analysis of variance using the software Statgraphics Plus for Windows (37) . The least significant difference of the data is reported (p<0.05).
Results and Discussion
Main physicochemical attributes of soft Xinotyri cheese
The pH and water activity (a w ) values and the moisture, fat, protein, salt and ash contents of the fresh unsalted Xinotyri raw (RMC) and pasteurized milk cheese (PMC) curds (day 1) and their subsequent changes in the salted cheese products during storage at 4 °C for 60 days are shown in Table 2 . No significant differences were observed between the initial pH of the RMC and PMC samples which were 4.44±0.04 and 4.38±0.03, respectively. These acid pH values of the fresh curds provided evidence that both milk types had undergone sufficient lactic fermentation during the initial 30-hour holding period at 16-20 °C. Specifically for the PMC samples, probably the post-thermal contamination of the milk with adventitious LAB under the artisanal cheese making conditions was high enough to proliferate and reduce the fresh curd pH comparatively to that of the RMC samples after 30 h of fermentation at ambient temperature. The pH of both cheese types also slightly decreased during 30 days of storage to average values from 4.23 to 4.40. Thus, having a pH≤4.4, and despite their high moisture and a w values (Table 2) , both soft Xinotyri cheese products were in compliance with the current EU microbiological specifications for ready-to-eat foods, particularly with regard to being non-supportive for the growth of L. monocytogenes during retail storage (38) . Indeed, thanks to their low pH of 3.7 to 4.4, neither Galotyri nor Katiki or other traditional Greek PDO soft acid-curd cheeses (e.g. Pictogalo Chanion) supported growth of L. monocytogenes, according to recent validation studies (19, 22, 24) . The pH values of both Xinotyri cheeses slightly increased above the threshold pH=4.4 after 60 days; this increase in pH, which was higher (p<0.05) in the PCM samples (Table 2) , was previously observed also in Galotyri cheese (19, 20) . Trends of the increase of pH in aged acid-curd cheese are most likely associated with lactate assimilation by acid-tolerant spoilage yeasts and may constitute a 'delayed' safety concern upon a 'tailing' survival potential of dormant cells of L. monocytogenes or other acid-resistant pathogenic bacteria, such as Escherichia coli O157:H7, in the high-moisture cheese matrix (19, 22, 39) .
No constant significant differences in the moisture, fat, protein, salt and ash contents were observed during storage at 4 °C between the cheese samples after draining and salting, except for the total protein contents (%), which were lower (p<0.05) in the PMC samples than in the RMC samples of the same age. Conversely, after manufacturing of the fresh (day 1) unsalted PMC samples had higher protein contents while retaining less moisture than their RMC counterparts (Table 2) . Moisture decreased progressively in all cheese samples during storage. The greatest moisture loss from initial values of 71-74 % down to 65-67 % occurred within the first 15 days of storage at 4 °C of all salted cheese samples, reflecting accelerating effects of salting on draining of fresh (day 1) cheese curds (40) . Notably, although 1.5 % salt added in the curd was declared by the Xinotyri cheese manufacturer, the average salt content of both cheese products during storage was around 1 % in the presence of approx. 65 % water and 49.5 to 53.9 % fat on dry mass basis (dm) of the cheese samples (Table 2 ). Based on these results, and in general consideration of their manufacturing technologies, the soft Xinotyri cheese is more closely related to the PDO Pichtogalo Chanion cheese (maximum permitted moisture 65 %, minimum permitted fat content 50 % dm, 1 % salt added to the milk) (18, 24) rather than to the PDO Galotyri cheese (maximum permitted moisture 75 %, minimum permitted fat content 40 % dm, 3-4 % salt traditionally or 1.8 % salt in commercial Galotyris) (18, 19) or any other of the abovementioned Greek acid-curd cheese varietes (18) . Lowering salt contents in traditional cheese products reflects the current consumer demands for a 'healthier' , less salty diet; this, however, also causes quality changes in cheese, while under certain circumstances salt reductions may compromise cheese safety (19, 26) .
Quantification of the technological LAB microbiota in the soft Xinotyri cheese
The fresh (day 1) Xinotyri RMC and PMC samples analyzed microbiologically within 2 h after arrival in our laboratory did not differ significantly (p>0.05) in their total viable counts (TVC) enumerated on CASO agar at 30 °C, which were (8.58±0.04) and (8.74±0.09) log CFU/g, respectively (data not shown). Along with the acid pH values of both cheese varieties in Table 2 , these TVCs reflected the total LAB populations, which were also well above the 8-log level in all fresh (day 1) samples regardless of aerobic or anaerobic incubation on the M17 and MRS agar plates at 37 or 30 °C, respectively ( Fig. 1) . Conversely, the populations of enterococci, which constitute an important part of the indigenous LAB microbiota in traditional raw or thermized milk cheese varieties made in Greece or other Mediterranean countries (1, 4, 41) , were approximately 6 log CFU/g, and by 0.5 log units higher in the RMC than in PMC samples ( Fig. 1) . It was thus evident that the microbiota of fresh Xinotyri cheese curds before salting was dominated by mesophilic LAB, which had grown abundantly within the first 20 h of milk curdling at 18 to 20 °C, followed by another 10 h of draining of the curds at 16 °C, irrespective of the use of raw or pasteurized goat's milk for cheese making. Since no commercial or natural starter cultures were added to the pasteurized milk in particular, the prolific LAB growth in the fresh (day 1) PMC samples was apparently either because the traditional open-batch pasteurization (63 °C, 30 min) process was poorly monitored, or the PMC bulks were somehow contaminated naturally with LAB from the creamery environment or subjected to 'back-slope' inoculation (19) despite the fact that the local cheese processor denied the application of such technique. Nevertheless, whichever the sources of the technological LAB were during PMC processing, their prolific growth and good milk acidifying capacity in all fresh (day 1) curds were considered beneficial for the microbial quality, safety and preservation of soft Xinotyri cheese during ripening and cold storage, in accordance with previous studies on the microbial and safety qualities of other well-known Greek PDO acid-curd cheese varieties (19) (20) (21) (22) 24, 25) .
During storage at 4 °C, further small increases in the populations of the predominant mesophilic LAB occurred within the first two weeks, followed by constant decline within the last two weeks, which were generally greater in the PMC samples (Fig. 1) . LAB populations of- . dm=dry mass, a w =water activity ten exceeded the 9 log level on CASO (data not shown) and MRS agar plates and generally remained above the 8 log level in the ripened cheese under refrigeration; most RMC samples contained LAB populations which were 0.5 to 1 log units higher (p<0.05) than those of the PMC samples (Fig. 1) . The initial (day 1) populations of enterococci also increased by approx. 0.6 log CFU/g in the salted cheese products by mid of storage and decreased almost equally in all samples by the end of storage; their levels remained approx. 1 log unit higher (p<0.05) in the RMC than in the PMC samples throughout storage (Fig. 1 ).
Hygienic quality and safety of the soft Xinotyri cheeses
Compared to the fresh (day 1) RMC samples, and apart from enterococci ( Fig. 1) , which may also be considered as hygienic indicators, the PMC samples had significantly lower (p<0.05) populations of enterobacteria and catalase-positive bacteria, whereas yeasts were present at similar population levels in both cheese types (Fig. 2) . Initial populations of aerobic Gram-negative (pseudomonadlike) bacteria were also at significantly lower (p<0.05) levels in PMC samples ((4.0±0.1) log CFU/g) than in RMC samples ((5.2±0.4) log CFU/g), whereas populations of total staphylococci on BP agar plates (data not shown in Fig.  2 for graph simplification) were at very similar levels to catalase-positive bacteria in fresh (day 1) cheese samples (Fig. 2) . Based on latex agglutination testing of approx. 10 % of the lecithinase-positive colonies on countable BP agar plates, coagulase-positive staphylococci were estimated to be present at average levels of 5.4 log CFU/g in the fresh unsalted (day 1) RMC curds. In contrast, all PMC samples contained less than 2 log CFU/g of coagulase-positive staphylococci in the curd and throughout storage.
Although coagulase-positive staphylococci were reduced by 1.3 and 2.9 log units, and below the 2 log level, in the RMC samples after one, two and four weeks of storage at 4 °C, respectively (data not shown), their constant presence in the fresh unsalted RMC curds at levels above 5 log CFU/g was the greatest safety concern that arose during this study. This was the reason why comparative panel sensory evaluations between the soft Xinotyri cheese products during ripening at 4 °C were not conducted, in consideration of a previous alarming report on enterotoxin production by enterotoxinogenic S. aureus strains artificially contaminated in fresh acid-curd Galotyri cheese (42) . Regulatory criteria specify that the population levels of coagulase--positive staphylococci should not exceed 4-5 log CFU/g in raw milk cheese and 1-2 log CFU/g in fresh nonripened soft cheeses from pasteurized milk (38, 43) . Also, staphylococcal populations sufficient to produce enterotoxins may be reached during the initial bacterial growth phase in milk or curd even though the counts may decrease to safe levels afterwards (42, 43) ; thus regulations strictly specify the obligation to determine the potential presence of enterotoxins when populations of coagulase-positive staphylococci exceed 5 log CFU/g, which is the level above which cheese quality is considered defective (38) . Since suspect colonies of staphylococci did exceed the 5 log units threshold in the Xinotyri RMC curds, additional research studies focused on standardization and strict hygienic control of the traditional manufacturing method of soft Xinotyri cheese with the emphasis on technological measures and/or interventions to prevent staphylococcal growth and enterotoxin production in RMC products are required.
Total staphylococci and enterobacteria were also reduced by approx. 3-4 log units in RMC samples, whereas their respective populations in PMC samples decreased below 2 and 1 log CFU/g by the end (day 60) of storage (Fig. 2) . Aerobic Gram-negative bacteria proved to be the most sensitive microbial contaminants in the acidic Xinotyri cheese environment because their count fell below 2 log CFU/g in all samples after the first week of storage at 4 °C (data not shown). Conversely, the initial (day 1) populations of yeasts increased by approx. 2 log CFU/g during the first two weeks (day 15), while they decreased (p<0.05) quite unexpectedly in all cheese samples after eight weeks (day 60) of aerobic storage at 4 °C. All RMC and PMC batches were free of Salmonella and Listeria species in 25 g cheese samples on day 1, and remained free of these pathogens upon their final testing on day 60 of storage (data not shown).
Evolution of proteolysis during cold storage of ripened soft Xinotyri cheese
Proteolysis is the most important phenomenon which determines texture and flavour development in fully ripened cheese as well as in fresh acid-curd cheese varieties that normally undergo slower rate ripening processes during storage at temperatures below 10 °C (5,17). Nitrogen fractions (WSN, TCA-SN and PTA-SN) were the first set of parameters used in this study to determine the extent of proteolysis of the soft Xinotyri cheese samples during storage at 4 °C ( Table 3 ). The percentages of total nitrogen (TN) (also expressed as percentage of protein) in cheese as well as the fraction of WSN, TCA-SN and PTA-SN, expressed as percentage of TN, increased significantly during storage, in agreement with the results obtained for other cheese types including acid-curd cheese varieties (17, (44) (45) (46) . Since no commercial starters were used, the evolution of nitrogen fractions during storage was attributed to the peptidase activity of native microbiota. There were no statistical differences (p>0.05) between the TN, WSN, TCA-SN and PTA-SN contents of the RMC and PMC samples (Table 3 ). In agreement, no differences in soluble fractions of raw and pasteurized cheese were found by other authors (2, 14) .
Primary hydrolysis of cheese proteins is mainly the result of the action of indigenous milk proteinases and the residual coagulant when rennet is applied. Proteinases from starter LAB and non-starter microorganisms, however, are also active in the degradation of cheese proteins. Primary proteolysis in cheese may be defined as the changes in caseins (CN) and peptides detected by electrophoretic methods (5). Urea-PAGE electrophoretic patterns of soft Xinotyri RMC and PMC samples at different days of storage are shown in Fig. 3 . Hydrolysis of individual CN fractions was expressed as residual mass fraction of the corresponding casein present in the fresh (day 1) cheese (Table 4) . Similar protein degradation patterns were observed in both cheese types during storage (Fig. 1) . The residual α s -CN and β-CN decreased progressively in both cheeses during storage at 4 °C (p<0.05), but these decreases were low, indicating slight proteolysis of both CN fractions under refrigeration ( Table 4 ). The rate of degradation of α s -CN was higher than that of β-CN; there was however no difference (p>0.05) between RMC and PCM samples in the degradation of intact α s -or β-CN (Table 4) . While this result is in accordance with the findings of Lau et al. (13) and Moatsou et al. (46) , opposite results were reported by Gaya et al. (47) and Gomez et al. (48) for ovine Manchego cheese. Such discrepancies are probably due to the numerous different factors affecting cheese manufacturing, including the type of milk, the technology used and mainly the type of cheese product in relation to the ripening conditions; proteolysis is accelerated in fully ripened cheese at elevated temperatures (47). This was not the case in the soft Xinotyri cheese, which apparently ripened more slowly at during storage at 4 °C.
Changes in the peptide profiles of the soft Xinotyri cheese products during storage at 4 °C are shown in Fig.  4 . At 214 nm, the total area under the peaks on the HPLC chromatograms represents the light absorbed by aromatic amino acids and peptide bonds present in the water-soluble fraction of cheese. It can be observed that as the age of the cold-stored cheese increased, new peptide peaks appeared, while those peaks that existed at the onset of cold storage increased or decreased in size (Fig. 4) . Differences between elution profiles of the WSN fraction of RMC and PCM Xinotyri samples were qualitative and quantitative for the same time of cheese storage (Fig. 4) . The changes of hydrophilic (HL), hydrophobic (HB) peptides (expressed as a percentage of the total area of the chromatograms) and their ratio (HB/HL) in the water-soluble fraction of the RMC and PMC samples during storage are summarized in Table 5 . Based on the literature, hydrophilic peptides eluting in the front region of RP-HPLC profiles have molecular mass M<3000 Da (49) . Hydrophobic peptides elute mainly in the rear region of RP-HPLC profiles and large-size peptides generally elute later than those with low molecular mass (although differences may exist in the retention time of medium-and large-size peptides with the same amino acid composition but slightly different sequences, due to conformational effects) (50, 51) . Results in Table 5 show that the hydrophilic peptide content of the PMC samples was similar (p>0.05) to that of the RMC samples, regardless of days of storage and the amount of hydrophobic peptides present in the water-soluble fraction of the soft PMC Xinotyri cheese. Also, the HB/HL ratio in PMC did not differ significantly from that of RMC during storage (Table 5) . Therefore, milk pasteurization prior to cheese making did not significantly (p>0.05) affect the area of the peptides and the HB/HL ratio in the water-soluble fraction of soft Xinotyri cheese during storage. Similar results were reported by Trujillo et al. (52) for goat's cheese, Moatsou et al. (46) for Kasseri cheese, and Gomez et al. (53) for Manchego cheese. The results of this study showed that hydrophobic peptides decreased while hydrophilic peptides increased with cheese ageing during ripening and storage (p<0.05). Also, the ratio of hydrophobic to hydrophilic peptides decreased with cheese age (p<0.05). These results are in agreement with data reported by Gaya et al. (54) . The decrease of the HB/HL ratio during Xinotyri storage could be attributed to the degradation of water-soluble HB peptides and the formation of HL peptides (55) as well as highly HB peptides that are no longer water soluble (13, 56) .
Every type of cheese has its own characteristic free amino acid (FAA) pattern, resulting from the enzymatic degradation of peptides by various enzymes and also from amino acid inter-conversion and degradation (50) . Table 6 . The principal FAA in both cheese types at all stages of storage were threonine (Thr), alanine (Ala) and lysine (Lys) ( Table 6 ). The γ-aminobutyric acid (γ-Aba) although found in high mass fraction (Table 6 ) does not originate from casein, but is accumulated as a metabolic product of microorganisms. Total FAA content per 100 g of dry mass of the RMC samples increased significantly from 141.0 mg in fresh (day 1) cheese to 274.0 mg by the end of storage (day 60). Conversely, in PMC samples, the total FAA content per 100 g of dry mass remained the same during storage, 179.6 and 168.0 mg on day 1 and day 60, respectively (Table 6 ). Milk pasteurization did not affect (p>0.05) the total FAA content of the soft Xinotyri cheese products. This finding is in accordance with the results found for the nitrogen soluble in 5 % PTA (Table 3) . Generally, in other cheese varieties, RMC had higher amounts of total FAA than PMC (54) . Soft RMC Xinotyri samples had higher (p<0.05) contents of phenalanine (Phe), valine (Val) and arginine (Arg) and lower contents of proline (Pro) than PMC samples. All other individual FAA were at similar levels (p>0.05) in both cheese types (Table 6 ). 
Evolution of lipolysis during ripening and cold storage of soft Xinotyri cheese
The evolution of total FFAs and the changes in individual FFAs and acetic acid of soft RMC and PCM Xinotyri samples during storage at 4 °C are summarized in Table 7 . Acetic acid was included because it is a major volatile acid extracted with FFAs and it contributes greatly to the final flavour of cheese. Acetic acid is not a product of lipolysis but it is mainly a product of other biochemical pathways, such as carbohydrate breakdown by heterofermentative LAB or the fermentation of lactate or the metabolism of amino acids (2) . In general, no significant differences (p>0.05) were found in individual and total FFA content of soft RMC and PMC samples during storage ( Table 7 ). The 60-day of cold storage of ripened soft Xinotyri cheese might have been too short compared with that of typical ripened cheeses to promote great differences in lipolysis between RMC and PMC samples. However RMC samples had higher mass fractions of lauric acid (C12) than PMC samples by day 15 and of palmitic acid (C16) and stearic acid (C18) by the end of storage (Table 7) . It is known that pasteurization of milk prior to cheese making affects the FFA content in cheese as it reduces the effect of enzymes from milk (8) .
The mass fractions of individual FFA remained the same during storage (p>0.05), except for lauric acid (C12), which increased (p<0.05) on day 60 in both cheese types (Table 7) . Moreover, the rate of increase of SCFFA (short-chain fatty acids, C2-C10), of MCFFA (medium--chain fatty acids, C12-C14) and LCFFA (long-chain fatty acids, C16-C18:3) was compared during storage, and the results showed that SCFFA and LCFFA remained constant (p>0.05), whereas MCFFA increased with storage (p<0.05). SCFFA including acetic acid (C2-C8) have a significant impact on the development of the characteristic aroma of the cheese (57), whereas MCFFA and LCF-FA are not the main contributors to cheese flavour (58) . The major fatty acids present in soft Xinotyri cheese, regardless of the used treatment of milk, were oleic (C18:1), palmitic (C16), myristic (C14), capric (C10) and caprylic (C8) acids (Table 7) . Caprylic and capric acids are likely to contribute to the flavour of goat's cheese (28) .
The low TFFA content indicates that soft Xinotyri cheese, regardless of the type of milk used, underwent very weak lipolysis during storage (Table 7) . Masotti et al. (59) also found weak lipolytic activity in an acid curd cheese obtained from goat's milk and Kondyli et al. (26) in Galotyri-type cheese stored for 30 days. Fresh acid curd cheeses are subjective to few biochemical changes during storage due to the processing conditions and the short period of ripening (17) .
Volatile composition of the soft Xinotyri cheese
Mean mass fractions of volatile compounds identified in soft RMC and PMC Xinotyri samples during storage at 4 °C are shown in Table 8 and in Fig. 5 . A total of 36 and 30 volatile compounds were identified in RMC and PMC samples, respectively. These volatiles were classified in different biochemical groups, namely acids, ketones, esters, alcohols, aldehydes and various other compounds, and most of them had previously been reported in different dairy products (9); their formation pathways were reviewed elsewhere (6) .
Esters were quantitatively the major group of volatile compounds (Fig. 5) . Different families of esters were detected, especially in soft RMC Xinotyri samples. The main family comprised ethyl esters from acetate to dodecanoate. Some methyl, propyl, butyl and pentyl esters were also present in RMC, whereas only ethyl esters from acetate to decanoate were identified in PMC. In general, the percentage of total esters was greater in RMC than in PMC samples (Fig. 5) . The same trend was reported in other cheese varieties (2, 16) .
Alcohols constituted one of the main chemical families in the volatile fraction of both soft Xinotyri cheese types (Fig. 5) ; ethanol and phenylethyl alcohol were identified at all cheese ages. Phenylethyl alcohol compound is among the most odorous aromatic alcohols; it is identified in goat's cheese and it can be produced from phenylalanine by the action of yeasts (7) . The mass fraction of alcohols was higher in the volatile fraction of RMC than in that of PMC samples (Fig. 3) , which is in agreement with other findings (15, 60) . In general, RMC Xinotyri samples had higher mass fractions of 2-methyl propanol, phenylethyl alcohol, 3-methyl butanol, 2-heptanol and 3-octanol than PMC samples (Table 8) .
Ketones were not one of the major groups of volatile compounds found in soft RMC or PMC Xinotyri cheese samples (Fig. 3) . The identified ketones in both cheese products were acetone, 2-pentanone, 2-heptanone and 2-nonanone ( Table 8 ). The mass fraction of acetone was higher in PMC than in RMC samples. This compound generally originates either from the milk or is produced from the thermal degradation of β-ketoacids (61). 2-Pentanone and 2-heptanone were not identified in PMC samples (Table 8 ).
In goat's milk cheese the aldehyde content is generally low, perhaps because the enzyme aldolase is present in low quantities (62) . Although acetaldehyde is one of the major aldehydes found in most cheese varieties, it was not found in the soft Xinotyri cheese samples in this study, probably due to the low quantities of enzyme aldolase, which is essential for acetaldehyde production (63). Tamine and Robinson (64) also found very low levels of acetaldehyde in fermented dairy products made from goat's milk such as yogurt and sour milk. Hexanal and nonenal were found in the RMC samples and hexanal, heptanal, octanal and nonenal were found in the PMC samples during refrigerated storage (Table 8) .
A number of miscellaneous compounds were also detected in soft Xinotyri cheese samples (Table 8) . Two terpenes, α-pinene and limonene, were present in the samples. Terpenes are mainly feed-derived compounds (65) . The 2-ethyl furan was also found in Beaufort cheese (66) . The 2-pentyl furan is believed to be derived mainly from the degradation of amino acids (67) .
Conclusions
The evolution of the primary and secondary proteolysis and lipolysis of soft Xinotyri cheese was not affected by the use of raw or pasteurized goat's milk. Pasteurization of milk, however, affected the volatile profiles of soft Xinotyri cheese. The cheese samples produced from pasteurized milk contained significantly lower populations of enterobacteria, enterococci and mainly coagulase-positive staphylococci, which were detected at unsafe levels in raw milk cheese curds. Neither Listeria monocytogenes nor Salmonella contamination was detected in the cheese samples, which had a pH≤4.4. Thus, soft Xinotyri belongs to the group of Greek fresh acid curd cheese varieties (Galotyri, Katiki, Pichtogalo Chanion) that do not support L. monocytogenes growth, and so a maximum population of 100 CFU/g can be allowed in this cheese during its shelf life. Further research is required on the indigenous LAB species diversity and evolution, which was quantitatively similar in Xinotyri cheese samples obtained from raw or pasteurized goat's milk, without the use of LAB as starters. Additional experimental cheese trials employing in-plant supervision are also required to standardize the soft Xinotyri cheese production technology. This study suggested that an outgrowth of Staphylococcus aureus in the fresh curd would be prevented by pasteurization of the raw goat's milk. Addition of commercial or natural mesophilic starter cultures to pasteurized or thermized milk needs to be investigated to standardize and improve the total quality and safety of soft Xinotyri cheese. 
